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(57) Abstract 

A process for the production of R227ea by the liquid phase catalytic ftuorination of hexafluoropropene in which the catalyst comprises 
a Lewis acid transition metal fluoride, for example tantalum pentafluoride and niobium pentafluoride, is disclosed. The catalyst provides an 
alternative to antimony pentafluoride as a liquid phase fluorination catalyst thus avoiding the formation of HSbFe and provides excellent 
selectivity. A catalyst precursor comprising a Lewis acid transition metal halide is also disclosed. 
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WO 98/50327 PCT/GB9S/01210 
A Process for the Production of a Hvdrofluorocarbon and Use of a Catalyst Therefor 



This invention relates to a process for the production of a hvdrofluorocarbon and a 
catalyst for its production. In particular, the invention relates to a process for the 
production of a hvdrofluorocarbon for example heptafluoropropane by the catalystic 
5 fluorination of a hydro fluoroalkene, for example hexafluoropropene and to a catalyst 
containing a transition metal compound for use in this process. 

Hydrofluorocarbons, for example 1, 1,1, 2,3,3 ,3-heptafluoropropane, (which is known 
as Refrigerant 227ea and will be referred to herein as R227ea for convenience), have found 
utility in many fields as replacements for chlorofluorocarbon compounds on account of the 

10 zero ozone depletion potential. Such applications include use in medical applications for 
example, as an aerosol propellant, use as a fire suppressant, use in refrigeration 
applications and in other applications. R227ea is especially useful in such applications as 
it has a zero ozone depletion potential. R227ea is particularly beneficial in medical 
applications in view of its combination of properties of low toxicity, non-flammability, 

1 5 solvent properties and boiling point. For medical applications it is required that the 
hydrofluorocarbon be of very high purity. 

It is known to produce hydrofluorocarbons by the hydrofluorination of a 
fluoroalkene to the corresponding fluoroalkane, optionally in the presence of a catalyst, in 
the liquid phase or vapour phase. Hydrogen fluoride is known for use as a 

20 hydrofluorination agent in such processes. 

A range of materials may be employed as catalysts in hydrofluorination processes. 
For example chromia may be employed in vapour phase processes and carbon is also 
known for such use but has the drawback that it is requires a high reaction temperature and 
may rapidly deactivate. 

25 Catalysts containing antimony pentafluoride optionally together with hydrogen 

fluoride are known for use as a fluorinating agents in liquid phase processes but have the 
disadvantage that a highly corrosive substance, HSbF 6 may be formed. HSbF 6 is one of 
the most corrosive materials known to man. 

WO 96/02483 discloses a process for the production of R227ea by the reaction of 

30 hexafluoropropene with anhydrous hydrogen fluoride in the presence of an antimony 
catalyst, in particular the catalyst preferably contains antimony pentafluoride as evidenced 
by the all. of the examples in this document. However, the presence of hydrogen fluoride 
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together with antimony pentafluoride is known to generate HSbF^. As such, the process 
suffers from the drawbacks inherent in handling a highly corrosive substance such as 
chemical attack on the internal surfaces of the production plant. This may be mitigated by 
employing specialised materials of construction but these are often prohibitively 
5 expensive. 

There remains a need for a catalyst which provides effective liquid phase 
fluorination, which does not cause the formation of HSbF 6 and which enables R227ea to 
be produced to a high level of purity. We have now determined that transition metal 
fluorides which act as Lewis acids provide excellent fluorination catalysts in the 
10 production of R227ea and do not lead to the formation of HSbF 6 . 

Accordingly, a first aspect of the present invention provides a use of a catalyst 
which comprises a Lewis acid transition metal fluoride in a process for the production of 
R227ea by fluorination of hexafluoropropene. 

A second aspect of the invention provides a process for the production of R227ea by 
15 the catalytic fluorination of hexafluoropropene which comprises contacting 

hexafluoropropene with a catalyst in the presence of a fluorinating agent in the liquid 
phase in which the catalyst comprises a Lewis acid transition metal fluoride whereby 
R227ea is produced. 

By "Lewis acid transition metal fluoride" we mean a compound containing a 
20 transition metal and at least one fluorine atom and which may also contain other halogens, 
for example chlorine, and which exhibits Lewis acid properties as defined in Chem. Rev., 
78, ppl -22(1978) by Jensen. 

The catalyst comprises a Lewis acid transition metal fluoride. The transition metal is 
suitably selected from any one of Groups Ilia to Vila, preferably Group Va, of the Periodic 
25 Table and preferably from Periods 5 and 6. In a preferred embodiment of the invention the 
transition metal preferably comprises tantalum, niobium or mixtures of tantalum and 
niobium. Optionally other metals or compounds thereof may also be included in the 
catalyst together with the transition metal. 

The ligands of the catalyst comprise at least one fluorine atom. The other ligands are 
30 not critical provided that the catalyst exhibits Lewis acidity and is stable in the reaction 
medium. It is nevertheless preferred that the other ligands are all halogen and especially 
preferred that they all be fluorine. 
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In a preferred embodiment, the catalysts in the present invention comprise tantalum 
pentafluoride and niobium pentafluoride. 

*The catalyst may be employed "as is" or a catalyst precursor may be employed in the 
process and converted to the desired fluoride catalyst before and/or during the reaction in 
5 order to produce a Lewis acid transition metal fluoride as the catalytic species. Such 
treatment may be effected using any suitable fluorine-containing material provided that 
this does not cause deactivation of the catalyst. Hydrogen fluoride is especially preferred 
for such treatment. 

The invention provides, in a third aspect, the use of a Lewis acid transition metal 
1 0 halide as a catalyst precursor for conversion to a Lewis acid transition metal fluoride 
catalyst before and/or during a process for the production of R227ea by the catalytic 
fluorination of hexafluoropropene. 

A further aspect of the invention provides a process for the production of a catalyst 
comprising a Lewis acid transition metal fluoride for use in the production of R227ea by 
1 5 the catalytic fluorination of hexafluoropropene which process comprises contacting a 
Lewis acid transition metal halide with a fluorine-containing material whereby at least one 
halogen ligand in the Lewis acid transition metal halide is replaced by a fluorine ligand. , 
In the process according to the second aspect of the invention, the fluorinating agent 
suitably comprises hydrogen fluoride. Preferably the fluorinating agent is anhydrous in 
20 order to reduce or avoid deactivation of the catalyst. 

Suitably R227ea is produced in the process according to the second aspect of the 
invention at a selectivity of at least 99.5% and often in excess of 99.8%. This compares 
well with known vapour phase processes, for example as disclosed in WO 96/02483 in 
which a selectivity of the order of 99.3% is exemplified. 
25 The liquid phase fluorination of hexafluoropropene according to the present 

invention is suitably carried out at a temperature in the range 20 to 200°C, preferably 40 to 
120°C and especially 50 to 100°C. Suitably the reaction is carried out at superatmospheric 
pressure, and at such a pressure that the reactants are in the liquid phase for sufficient time 
to react to produce R227ea. Preferably the pressure is at least 5 bar and more preferably 
30 the pressure is 10 to 50 bar. 

The residence time is sufficient to permit conversion of hexafluoropropene feedstock 
to R227ea. The required residence time will be dependent on the degree of conversion 
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required and also influenced by the ratio of reactants and reaction conditions. If a low 
conversion is employed, for example to operate at milder reaction conditions it is 
preferable that the feedstocks be recycled to increase the yield of R227ea from the starting 
material. Recycle may also be employed if high single pass conversions are required. 
5 Selectivity to R227ea may be enhanced further by employing a lower conversion rate as 
milder reaction conditions typically suppress the formation of by-products. 

Suitably the molar ratio of HF to hexafluoropropene (HFP) fed to the reactor is at 
least 1 : 1 and preferably 1 .2 to 1 0: 1 . If a lower conversion rate is required a molar ratio of 
HF to HFP of 0.1 up to 1:1 may be employed. 
10 Suitably the molar ratio of HFP to the catalyst is not more than 100: 1 and is 

preferably 1 to 50:1. 

The levels of HF, HFP and catalyst are suitably selected such that the catalyst and 
reactants remain dissolved in the liquid phase under the reaction conditions employed. 

The R227ea product is suitably removed from the process in the vapour phase and 
1 5 may be subjected to conventional separation and/or purification processes as desired 

downstream from the reaction stage. Unreacted starting materials or by -products obtained 
from any such downstream treatment or purification may be recycled to a point upstream 
of the reactor stage to improve product yield and to decrease the production of effluent 
from the process. 

20 The process according to the second aspect of the invention may be operated in batch 

or continuous mode as desired. Semi-batch operation may also be employed in which one 
or more feedstocks are fed continuously to the process and one or more other feedstocks 
are fed to the process in batch-wise fashion. 

The invention is illustrated by the following non-limiting examples. 

25 Example 1 

A 150ml Monel reaction vessel was charged with 60.2g of Hexafluoropropane 
(HFP), 10.4g of anhydrous hydrogen fluoride and 1 1.1 g of TaF 5 and heated at 72C for 4.5 
hours under autogenous pressure. A sample was removed from the reactor and treated to 
remove hydrogen fluoride. Analysis of the sample gave the following results: 
30 HFP conversion = 8 1 .4% 

Selectivity to HFC 227ea = 99.88% 
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Example 2 

The procedure of Example 1 was repeated with a charge of 61g of HFP, 9.9g of HF 
and l0.8g of TaF 5 , at a reaction temperature of 45 - 50C. After 4.75 hours, a 15.8% 
conversion of HFP to HFC 227ea was achieved. 

5 The results presented illustrate that HFC 227ea is produced by the process of the 

present invention. The results also illustrate that the rate of production of HFC 227ea is 
significantly increased by conducting the process at a temperature in excess of 50C. 
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Claims 

1 Use of a catalyst which comprises a Lewis acid transition metal fluoride in a process 
for the production of R227ea by fluorination of hexafluoropropene. 

2. Use according to claim 1 in which the transition metal is selected from any one of. 
5 Groups Ilia to Vila of the Periodic Table. 

3. Use according to claim 2 in which the transition metal comprises tantalum, niobium 
or mixtures of tantalum and niobium. 

4. Use according to any preceding claim in which the the catalyst comprises at least 
one fluorine atom. 

10 5. Use according to any preceding claim in which the catalyst is selected from tantalum 
pentafluoride and niobium pentafluoride. 

6. Use of a Lewis acid transition metal halide as a catalyst precursor for conversion to a 
Lewis acid transition metal fluoride catalyst before and/or during a process for the 
production of R227ea by the catalytic fluorination of hexafluoropropene. 

15 7. A process for the production of a catalyst comprising a Lewis acid transition metal 
fluoride for use in the production of R227ea by the catalytic fluorination of 
hexafluoropropene which process comprises contacting a Lewis acid transition metal 
halide with a fluorine-containing material whereby at least one halogen ligand in the Lewis 
acid transition metal halide is replaced by a fluorine ligand. 

20 8. A process for the production of R227ea by the catalytic fluorination of 

hexafluoropropene which comprises contacting hexafluoropropene with a catalyst in the 
presence of a fluorinating agent in the liquid phase in which the catalyst comprises a Lewis 
acid transition metal fluoride whereby R227ea is produced. 

9. A process acording to claim 9 in which the fluorinating agent comprises hydrogen 
25 fluoride. 
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